A major periodate-Schiff-positive component from milk-fat-globule membrane of human breast milk has been purified by selectively extracting the membrane glycoproteins, followed by lectin affinity chromatography and gel filtration on Sephadex G-200 in the presence of protein-dissociating agents. The purified glycoprotein, termed epithelial membrane glycoprotein (EMGP-70), has an estimated mol.wt. of 70000 and yields a single band under reducing conditions on sodium dodecyl sulphate/polyacrylamide-gel electrophoresis. The glycoprotein contains 13.5% carbohydrate by weight, with fucose, mannose, galactose, N-acetylglucosamine and sialic acid 17.2,17.0, 21.1, 7.9 and 36.6% respectively of the carbohydrate moiety. Aspartic and glutamic acid and serine are the major amino acid residues.
Glycoproteins as components of mammalian membranes are important because of their possible role in cell recognition (Woodruff & Gesner, 1969) and adhesion (Roseman, 1970) , immunological recognition (Hughes, 1976) and provisions of receptor sites for viruses (Gottschalk et al., 1972) and hormones (Cuatrecasas, 1973) . Detailed structural studies in the carbohydrate portion of membrane glycoproteins have been largely confined to the erythrocyte membrane (Glick, 1974) , and a detailed model of glycoprotein-membrane association (Marchesi & Furthmayer, 1976 ) is available. For other tissues, most researchers have studied fragments released from cells by proteolysis Harrison et al., 1975; Farrar & Harrison, 1978) .
A source of membranes from mammary epithelial cells can be found in the milk-fat fraction (Keenan et al., 1970) . The cream of milk consists of fat globules stabilized by an external membrane. This membrane layer, known as the milk-fat-globule membrane is mainly derived from the apical plasma membrane of mammary secretory cells (Patton & Keenan, 1975) .
Bovine milk-fat-globule membrane reveals at least brane by differential centrifugation and extraction. Some researchers have prepared fragments released from milk-fat-globule membrane by proteolysis (Harrison et al., 1975; Farrar. & Harrison, 1978; Tomich et al., 1976) . Two major glycoprotein components from bovine milk-fat-globule membrane have been purified and characterized (Snow et al., 1977; Freudenstein et al., 1979) , but no isolation of glycoproteins from human breast-milk-fat-globule membrane has yet been reported. We now report the purification of a major glycoprotein component from human breastmilk-fat-globule membrane, its amino acid and monosaccharide compositions and some of its physical and immunological properties. The Extraction of milk-fat-globule-membrane protein with MgCl2. The extraction of the major glycoproteins of milk-fat-globule membrane with MgCl2 was carried out by the method of Mather & Keenan (1975 Lectin affinity chromatography of milk-fat-globule-membrane glycoproteins. Extracts of glycoprotein(s) from human milk-fat-globule membrane were fractionated by lectin affinity chromatography based on the methods of Allan & Crumpton (1972) and Snow et al. (1977) . All of the effluent returned to the baseline. Fractions (1.5 ml) were collected. Bound glycoprotein was eluted with the same buffer solution containing 0.1 Ma-methyl mannoside. The column was further washed with the buffer solution containing 0.1 M-a-methyl mannoside. The column was further washed with the buffer solution containing 0.01 M-a-methyl mannoside and with a buffer containing 1.OMNaCl. The protein-sodium deoxycholate complex was dialysed against 40% (v/v) methanol with frequent changes at 22°C for 12h, as described by Kobylka & Carraway (1972) . The protein solution was then dialysed for 12h at room temperature against frequent changes of distilled water to remove the methanol.
Gel filtration of milk-fat-globule-membrane glycoprotein. All manipulations during this experiment wgre carried out at 40C. A column (2.5cmx 29cm) was packed with Sephadex G-200 and equilibrated with 0.05 M-Tris/HCI buffer, pH 9.0, containing 5 mM-EDTA, 5 mM-2-mercaptoethanol and 20% (v/v) dimethylformamide, which also served as the running buffer. Dimethylformamide, a protein-dissociating agent, previously used for the dissociation of lipase from K-casein by Fox et al. (1966) , was investigated for its ability to dissociate and fractionate milk-fat-globule-membrane proteins. The bound material to the concanavalin A-Sepharose 4B column was solubilized in the running buffer and chromatographed on the Sephadex G-200 column. A flow rate of 6ml/h was maintained. Fractions (1.5 ml) were collected and A280 of each measured on a spectrophotometer. The fractions eluted at the peak were pooled, dialysed exhaustively against water and freeze-dried.
SDS/polyacrylamide-gel electrophoresis. Initial extract of milk-fat-globule membrane and column fractions resulting from the chromatography of milk-fat-globule-membrane extracts were examined by electrophoresis at room temperature on polyacrylamide gels containing methylenebisacrylamide, SDS, EDTA and 2-mercaptoethanol by the method of Weber & Osborn (1969) , with 0.05M-Tris/HCl, pH 7.0, as the buffer system. Gels were prepared to give a 7.5% (w/v) acrylamide concentration. (Horisberger et al., 1977) , we decided to determine which components were involved in binding to this lectin. It was found possible to purify the glycoproteins further by lectin affinity chromatography. Washed cream extracted with MgCl2 was separated into two fractions using concanavalin A-Sepharose 4B, as shown in Fig. 2 Fraction no. Chromatographic isolation of EMGP-70. The adsorbed glycoproteins from the concanavalin ASepharose column were solubilized and chromatographed on a Sephadex G-200 column in the presence of dimethylformamide. An elution profile is illustrated in Fig. 3 . Approx; 80% of total protein applied was eluted in a single major peak. The protein eluted at the peak yielded a single band on SDS/polyacrylamide gels (Fig. 4) . This band corresponded to electrophoretic component 12 and stained with both Coomassie Blue--and periodate-Schiff reagent. On 7.5% acrylamide gels, this glycoprotein has an estimated mol.wt. of 70000.
Enzymic iodination ofEMGP-70 EMGP-70 was enzymically iodinated with 1251. Approx. 45% of the total radioactivity applied was incorporated. The 1251-labelled EMGP-70 migrated at the same position as unlabelled EMGP-70 (component 12) on SDS/polyacrylamide gels, confirming that the major band (Fig. 4) was derived from component 12.
125I-labelled EMGP-70 was also subjected to polyacrylamide-gel electrophoresis in the absence of SDS. Most of the labelled EMGP-70 applied remained at the upper portion of the gel (result not shown). This result suggests that the EMGP-70 in the absence of protein-dissociating agent forms large aggregates. Such an observation is consistent with its strong hydrophobic domains, which are associated with integral membrane proteins (Williams, 1978) . Preliminary studies of a radioimmunoassay system for EMGP-70 show that the antigenic properties are retained after iodination.
Chemical characterization
To compare the purified EMGP-70 from human milk-fat-globule membrane with glycoprotein from (Kobylka & Carraway, 1972; Cawston et al., 1976; Freudenstein et al., 1979) . These bovine proteins are characterized by a relative abundance of glutamic acid and aspartic acid, alanine, leucine, glycine and serine and deficiency of methionine and cysteine (Basch et al., 1976; Freudenstein et al., 1979) and are shown for comparison in Table 1 (Fig. 5) . Reactions of identity were observed between Triton X-100-solubilized MgCl2 extract of washed cream and EMGP-70 (Fig. 5) . This confirms that EMGP-70 has retained its antigenic properties during the purification procedure. Neither the MgCl2 extract of milk-fat-globule membrane nor EMGP-70 have shown an immunoprecipitin line with rabbit antibodies to human whole-plasma proteins, serum albumin, a,-acid glycoprotein, a,-antitrypsin, lactoferrin, a-lactalbumin, caseins, secretory piece of IgA, carcinoembryonic antigen, glycophorin, and glycoproteins from mouse mammary-tumour virus.
Discussion
The present study shows that the pattern of major proteins from human milk-fat-globule membrane on SDS/polyacrylamide gels is similar to that of bovine milk-fat-globule membrane (Freudenstein et al., 1979; Mather, 1978; Mather & Keenan, 1975) . The presence of two major glycoprotein components of human milk-fat-globule membrane with estimated mol.wts. of 160000 and 84000, which correspond closely to components 3 and 12 in the present study, has been reported by Martel et al. (1973) . Kobylka & Carraway (1972) showed that milkfat-globule-membrane proteins could be separated by gel filtration in detergent solutions. The glycoproteins of human milk-fat-globule membrane can be selectively obtained by extraction with high concentration of MgCl2. This procedure can be applied directly to samples of cream without intermediate isolation of the membrane fraction. Attempts to fractionate these glycoprotein components by gel chromatography in aqueous buffers were frustrated by the formation of aggregates containing multiple species. This difficulty was overcome by including protein-dissociating agents such as sodium deoxycholate and dimethylformamide in the chromatographic procedures. In the present study, lectin affinity chromatography and gel filtration in the presence of sodium deoxycholate and dimethylformamide respectively were combined to isolate EMGP-70. The purified EMGP-70 gave a single band on SDS/polyacrylamide-gel electrophoresis at a polyacrylamide-gel concentration of 7.5%. The possibility of microheterogeneity of the carbohydrate portions of the glycoproteins is not excluded. The estimated mol.wt. of 70000 may be affected by the anomalies associated with transport of glycoproteins on gels (Anderson et al., 1974) .
There are differences between the amino-acid compositions of glycoproteins of human milk-fatglobule membrane and of human erythrocyte membranes (Table 1 ). Similar differences have also been reported between the glycoproteins of bovine milkfat-globule membrane and bovine erythrocyte membranes (Hudson et al., 1975; Snow et al., 1977) . In human milk-fat-globule-membrane glycoproteins the diacidic amino acids and the hydroxy amino acids accounted for 22 and 16% of the total respectively. In glycoproteins from human erythrocyte membranes the proportions are reversed (Furthmayr et al., 1975) . The composition of EMGP-70, with the absence of N-acetylgalactosamine, excludes the possibility of an N-acetylgalactosamine-hydroxy amino acid linkage that is found in the erythrocyte membrane glycoproteins (Furthmayr et al., 1975: Kornfeld & Kornfeld, 1976) .
The purification of a glycoprotein from human milk-fat-globule membrane derived from the mammary secretory epithelium will permit studies of its structural and functional role in secretion. The substance may be a valuable aid in the study of the function of mammary epithelial cells in tissue culture.
